Introduction
Atherosclerotic renal artery stenosis (ARAS) is a recognized cause of renal impairment (1, 2) and secondary hypertension (3) and is becoming more common due to the prevalence of atherosclerosis in an increasingly aging population. Multiple noninvasive modalities are available to detect ARAS, though the decision to screen for ARAS is contingent on clinical population undergoing routine cardiac catheterization, and the frequency of ACE inhibitor usage in patients with varying degrees of ARAS.
Methods
A total of 859 patients who were referred to the Cardiovascular Center of Tongren Hospital in Beijing from March 2000 to October 2002 for cardiac catheterization because of suspected coronary artery disease were invited to participate in this study. Referrals for coronary angiography were made by clinical cardiologists who were not involved with this study. Patients with a serum creatinine level greater than 2.5 mg/dl were excluded from consideration because of safety concerns about contrast volume administration. The study was approved by the Ethical Committee of the Heart Institute, Capital University of Medical Sciences. Written informed consent was obtained from all participants.
Before patients had cardiac catheterization, demographic data, medical history, physical findings, and blood chemistries were obtained. Patients were considered to have hypertension if they had a history of the disease or were receiving antihypertensive medication. Blood pressure was measured in the supine position. Duration of hypertension and medication, especially ACE inhibitor treatment, was recorded. Only patients with well controlled blood pressure (<140/90 mmHg) were included.
Peripheral vascular disease was defined as a history of claudication, a history of stroke, or abdominal aortic aneurysm (7) . Symptoms of congestive heart failure were recorded and classified in accordance with the New York Heart Association (NYHA) criteria. Hyperlipidemia was defined as a cholesterol level above 200 mg/dl or low-density lipoprotein >120 mg/dl, or a history of hyperlipidemia and treatment with lipid-lowering medications. Coronary angiography was performed following puncture of the femoral artery using the modified Seldinger technique. After the cardiac diagnostic procedure, abdominal aortography was performed with a 6F pigtail catheter positioned at the level of the renal arteries to screen for the presence of anatomical renal artery stenosis. Abdominal aortography was done in a 10 º LAO projection with 30 ml of Omnipaque 350 at a rate of 20 ml s 1 acquired at 30 frames per second. Selective renal artery injections were done to look for more distal renal artery stenosis, or when overlapping vessels made interpretation of the aortogram difficult. If appropriate, percutaneous coronary intervention was performed at the discretion of the patient's clinical cardiologist.
The presence and severity of coronary atherosclerotic lesions were determined as follows: significant stenosis was defined as a narrowing of the coronary artery diameter of 50% or more, in comparison with a proximal reference segment. Single-, double-, and triple-vessel disease were defined as a significant lesion in 1, 2, or 3 major epicardial vessels, respectively.
The aortogram was independently interpreted by two experienced angiographers blinded to the patient information. The severity of renal artery stenosis was expressed by a patency index, which was calculated as the sum of the patent portion of both renal arteries, with 2.0 representing normal appearance and 0 representing complete occlusion of the renal arteries in both kidneys. For example, in the case of unilateral renal artery occlusion (contralateral normal) or 50% bilateral RAS, the patency index 1.0; for unilateral renal artery occlusion with contralateral 60% RAS, or bilateral 80% RAS, the patency index 0.4. Patients were grouped as follows: patency index less than 0.5, severe ARAS; patency index 0.5 to 1.0, moderate ARAS; patency index 1.1 to 1.5, mild ARAS; patency index 1.5 to 1.9, insignificant ARAS; patency index 2.0, normal (8) .
The distribution and prevalence of ARAS were determined in the study population. Stepwise univariate and multiple logistic regression was used to evaluate the independent association of individual covariates with renal artery stenosis. The variables that were significant in the univariate model were then entered into a stepwise logistic regression model to identify the best set of independent predictors of ARAS. Multiple group comparisons were done by one-way ANOVA. A Spearman's correlation study was used to test the relationship between renal function and the residual lumen patency subgroup. Categorical variables were analyzed by contingency of χ 2 tests. Multiple regression was used to determined the association between drug usage and serum creatinine levels after controlling for potential confounding factors, including diabetes, age, hypertension and congestive heart failure. Unless otherwise indicated, continuous variables are presented as the mean SD and discrete variables are presented as a percentage. A statistical difference was considered significant at a p value of less than 0.05.
Results
A total of 859 patients were studied, 274 (31.9%) females and 585 (68.1%) males. The clinical and demographic characteristics of these patients are shown in Table 1 . The mean age of the cohort was 60.5 10.8 years.
Six hundred and twenty (72.2%) patients had hypertension. A large proportion of patients were taking an ACE inhibitor (58.4%) and/or a β-blocker (74.7%).
A total of 301 patients (35%) had no disease of the epicardial coronary arteries. One hundred and fifty (17.5%) had 1-vessel disease, 125 (14.6%) had 2-vessel coronary artery disease, and 283 (32.9%) had 3-vessel coronary disease. Fiftyfive patients (6.4%) had left main lesion.
Significant ARAS (≥ 50% luminal narrowing of at least one renal artery) was present in 146 patients (17.0%). Insignificant ARAS (<50%) of one or two renal arteries was found in 57 (6.6%) patients. Severe ARAS, moderate ARAS, mild ARAS, insignificant ARAS and normal renal arteries were present in 21 (2.4%), 41(4.7%), 89 (10.4%), 51 (5.9%) and 657 (76.5%) patients, respectively ( Table 2) .
As shown in Table 3 , there were no differences in gender, NYHA scores, smoking, hypertension, or hyperlipidemia between patients with and those without ARAS. However, patients with ARAS of 50% or more tended to be older than those with ARAS < 50% or those with normal renal arteries, and were more likely to have diabetes mellitus, peripheral vascular disease, and previous myocardial infarction. Serum creatinine was higher in the ARAS group. Significantly more stenotic coronary segments were diagnosed in the ARAS group. Multivariate logistic regression of all variables revealed that three risk factors were independently predictive of renal artery disease. The most important risk factors were age (odds ratio (OR)) 1.07, 95% confidence interval (CI): 1.05-1.11, p<0.001), severity of coronary artery disease (OR 2.13, 95% CI: 1.76-2.95, p<0.001) and peripheral vascular disease (OR 1.79, 95% CI: 1.09-2.95, p 0.021) ( Table 4) .
Serum creatinine and the medications taken by the patients in the different groups are listed in Table 5 . There was a significant correlation between the serum creatinine level and residual lumen patency (Spearman's ρ 0.194, p<0.001). Among the patients on ACE inhibitors, 4.2% (21/502) had severe ARAS. Patients with increasing severity of ARAS were older and on more antihypertensive drugs. The percentages of patients taking an ACE inhibitor in the severe ARAS, moderate ARAS, mild ARAS, insignificant ARAS, and normal artery groups were 85.7% (95% CI: 69-100%), 82.9% (95% CI: 71-95%), 68.5% (95% CI: 59-78%), 68.6% (95% CI: 55-82%) and 53.9% (95% CI: 50-58%), respectively (contingency coefficient 0.17, p<0.001).
Among patients with ARAS, serum creatinine levels were higher in those who were taking ACE inhibitors than in those who were not (1.21 0.51 mg/dl vs. 0.97 0.28 mg/dl, p 0.001). Table 6 shows the results of a multiple regression analysis of the association between drug usage and serum creatinine level after stratification by the severity of ARAS. In patients with severe ARAS, ACE inhibitors, calcium channel blockers and diuretics were shown to correlate significantly with serum creatinine levels after controlling for potential confounding factors.
Discussion
In the present cohort of patients undergoing routine cardiac catheterization, abdominal aortography identified an overall prevalence of ARAS of 17%, which is higher than the previously reported 7% prevalence in Japanese (9), but similar to the prevalences of 15% reported using patient cohorts (7, 10) and 19.2% reported in a cohort of hypertensive patients (11) . Our study demonstrated that most patients with incidental ARAS were being treated with ACE inhibitors, and that the patients with severe ARAS had the greatest probability of ACE inhibitor use.
A decade ago, approximately 30% of patients with ARAS were taking an ACE inhibitor as part of their medical regimen at the time of diagnosis (12, 13) . In our study, more than 80% of patients with severe or moderate ARAS were taking ACE inhibitors, but only 53.9% of patients without 
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ARAS, atherosclerotic renal artery stenosis; NYHA, New York Heart Association; ACE, angiotensin converting enzyme.
ARAS were taking ACE inhibitors. The greater clinical utilization of these potent antihypertensive agents in this population may indicate that hypertension is relatively more difficult to control in patients with ARAS, or that comorbid conditions (i.e., previous myocardial infarction) requiring ACE inhibitors are often present in patients with ARAS. In support of this association, the patients with ARAS were significantly older, and the prevalence of diabetes mellitus, peripheral vascular disease, previous myocardial infarction, renal insufficiency and coronary artery disease was significantly higher in patients with than in those without ARAS.
In their study, Van de Ven et al. (14) found that all patients with severe bilateral renovascular disease (≥ 50%), or with severe renovascular disease in a single kidney, showed a 20% or greater elevation of plasma creatinine. Such an increase also occurred, though less commonly, in patients with lesser degrees of bilateral and unilateral renovascular disease. Clinically, severe renal artery lesions can cause renal dysfunction (1), and ARAS is common in patients with renal dysfunction and concomitant cardiovascular disease (15) . It is clear that the degree of arterial stenosis in ARAS does worsen with time, and renal function in patients with ARAS often deteriorates over time (12) . In reality, however, the renal function decline seen in ARAS owes more to chronic massive ischemia (16) or atherosclerotic nephropathy-both of which are related to age, scarring, micro-embolisation and hypertension (17) . A complex interaction develops between main vessel occlusive disease and microvascular injury, in part associated with cholesterol and activation of the oxidative pathway (18) . And more important is the potential for activation of fibrogenic cytokines to induce irreversible tissue damage (19) . In addition, lowering blood pressure with any medication reduces renal perfusion pressure and can cause a deterioration of renal function in patients with severe renovascular disease (20) . On the other hand, ACE inhibitors are specifically indicated for use in patients with chronic kidney disease in the JNC 7 (21) . Therefore, the cause of the higher serum creatinine level in patients with ARAS who were taking ACE inhibitors is likely to be multifactorial.
The deleterious effect of ACE inhibition on glomerular filtration rate (GFR) in patients with bilateral renal artery stenosis is well recognized (22, 23) . It has been proposed that candidates for ACE inhibitor therapy be screened for occult ARAS before therapy (24, 25) . However, most patients with heart failure and a vast majority of elderly patients with generalized atherosclerosis have already started treatment with ACE inhibitors. It is not possible to screen all such patients. It is thus important to remain vigilant for patients at risk and to monitor closely both serum creatinine and potassium during initiation of therapy (26) , especially in patients with suspected ARAS or older patients with generalized atherosclerosis. Further studies will be needed to observe the prevalence of severe consequences of acute renal failure requiring dialysis treatment in this population, and to determine whether renal revascularization offers tangible benefitsi.e., major improvement in blood pressure control or renal function, and decreased subsequent cardiovascular morbidity and mortality-in this subset of patients (27, 28) .
In conclusion, we have demonstrated in this series that most patients with incidentally detected renovascular disease were treated with ACE inhibitors prior to the diagnosis of ARAS; and that ACE inhibitors are used more commonly with increasing degree of severity of ARAS. High risk patients, who might develop acute renal failure if they took ACE inhibitors and should be closely monitored, were found to be older patients with generalized atherosclerosis.
β signifies the predicted serum creatinine level associated with different drug. All covariates were adjusted for age, diabetes, hypertension and congestive heart failure. β value and 95% CI of group of normal renal artery were not showed. Angiotensin receptor blocker was not analyzed due to infrequent use in this population. ARAS, atherosclerotic renal artery stenosis; CI, confidence interval; ACE, angiotensin converting enzyme. p<0.05, p<0.001. 
